Summary.
For a long time, Studying the anterior pituitaries of neonatally androgenized female rats, KUROSUMI and OOTA (1968) supported the view of BARNES (1962) . Later KUROSUMI (1974) advocated the names of gonadotrophs as Type 1 and Type 2, instead of FSH-and LH-cells, respectively, because both FSH and LH were found in the same cell by immunohistochemistry (NAKANE 1970; PHIFER et al., 1973; MORIARTY 1973) . TOUGARD et al. (1980) studied the rat anterior pituitary with more reliable LH, and proved that the two hormones might be contained in the same cell. They observed, however, two morphologically different types of gonadotrophs, and called them Type A and B. TOUGARD's Type A corresponds to the FSH cells (BARNES, 1962; KUEOSUMI and OOTA, 1968) or Type 1 gonadotroph (KUROSUMI, 1974) , and their Type B resembles LH cell or Type 2 gonadotroph. The figures suggesting exocytosis have been easily found in other types of anterior pituitary except Type 1 gonadotroph, but in this cell type as well as castration cells derived from it, the exocytosis has not been observed hitherto (KUROSUMI, 1968; PELLETIER et al., 1971; SHIINO and RENNELS, 1973) . On the other hand, Type 2 gonadotrophs frequently showed exocytosis especially after castration (KUROSUMI, 1968; SHIINO et al., 1972a) .
The authors studied the anterior pituitaries of the normal and castrated rats with the transmission electron microscope and found many small pits on the surface of the Type 1 gonadotrophs and castration cells, and that these pits remarkably increased in number after castration.
Some features suggestive of exocytosis of secretory granules from the Type 1 gonadotrophs were also observed as reported here.
MATERIALS AND METHODS
Adult male rats of Wistar strain either normal or castrated were sacrificed by decapitation and the pituitary glands were immediately taken out and fixed in two different methods of fixation described below. The castrated animals were either 2, 4 or 8 days after surgery. The fixation methods were as follows: (1) double fixation with glutaraldehyde and osmium, consisting of 2.5% glutaraldehyde with 1/15M phosphate buffer at pH 7.4 and 1% OsO4 with the same buffer and 7% sucrose; (2) triple fixation of osmium, glutaraldehyde and osmium, consisting of the first fixation with 1% OsO4, 0.2M phosphate buffer and 4.5% sucrose, the second fixation with 2% glutaraldehyde with the same buffer and sucrose, and the third fixation with osmium fixative which was the same as the first fixation. For both fixation methods, the period of one step in fixation was 1hr.
After fixation and brief rinse, some specimens were stained in block with 1.5% uranyl acetate in a refrigerator overnight.
After dehydration with ascending concentrations of ethanol the specimens were embedded in a mixture of Epon and Araldite.
Thin sections were made on a Porter-Blum ultramicrotome MT-2B and stained with uranyl acetate and lead citrate. labelled with horseradish peroxidase.
The details of this immunocytochemical procedures were the same as reported elsewhere (INOUE and KUROSUMI, 1981) . Sections were examined with a Hitachi electron microscope type H-700 using 100kV accelerating potential.
On the prints of electron micrographs enlarged to 15,000 times, the perimeters of gonadotrophic cells were measured and numbers of surface pits and subsurface vesicles were counted, using the Kontron MOP/AM-01 system.
RESULTS
The typical gonadotrophs which are also called Type 1 gonadotrophs (KUROSUMI, 1974) are large cells usually situated along the blood capillaries of the anterior pituitary. The nucleus is eccentrically located leaving a wide space at about the center of the cell body, which is occupied by Golgi apparatus.
Rough endoplasmic reticulum (ER) is well developed and its constituent cisternae are more or less dilated and filled with homogeneous substance of low electron density.
The secretory The lower pit contains a few flocculent grains.
In the cytoplasm less dense granules (arrowhead) and vesi-granules are characteristic for this cell type and consist of two different types: large granules 300-700nm and small granules 150-250nm in diameter. After castration, rough ER and Golgi apparatus remarkably develop and the cisternae of ER are intensely dilated.
The small secretory granules transiently decrease in number for about one week beginning from immediately after the castration, but these granules increase in number thereafter.
The large granules almost disappeared for a long time after castration (KUROSUMI et al., 1976) . Immunocytochemical examination indicated that Type 1 gonadotrophs in both normal and On the surface of gonadotrophs, small pits are often observed (Fig. 1) . They are about 100nm in cross diameter. The depths of the pits are variable.
The membranes limiting the pits are continuous to the surface plasma membrane, and both are shown as trilaminar structure that is the characteristic of unit membrane (Fig.  2, 3 ). The insides of the pits are usually clear (Fig. 2, 3 ) but sometimes filled with a homogeneous substance of low electron density (Fig. 4) . The pits are often covered with a bristle-like coating on their outer surface directed to the cytoplasmic matrix (Fig. 4) .
In the cytoplasm just beneath the surface plasma membrane, vesicles are frequently observed.
Most of them are coated with bristle-like substances (Fig. 5 ), which are often called "coated vesicles," and also reasonably called "subsurface vesicles," because they are localized in the subsurface cytoplasm.
Some vesicles have no bristle-like coating.
The diameter of the subsurface vesicles is about 100 nm, which is almost the same as the cross diameter of the surface pits. Therefore, pits and vesicles are related to each other.
In the normal Type 1 gonadotrophs,
Other types of pits and vesicles are large in size, though they also appear on or near the surface of the cell (Fig. 6-10 ). They are called large pits and large vesicles. The pits measure 150-300nm in diameter.
The limiting membranes of these pits show the trilaminar structure known as the characteristic of unit membrane, and are continuous to the surfase plasma membrane of the cell (Fig. 7-10 ). These pits and vesicles of large size are also often coated with a bristle-like substance (Fig.  9, 10 ). Occurrence of a small pit continuous to the bottom or side of a large pit is rarely observed (Fig. 7) .
In the normal pituitary, Type 1 gonadotroph has very few or no large pits and vesicles. We found no large pits in 23 different cells identified as typical gonado- Table 1 . Number of surface pits and subsurface vesicles of Type 1 gonadotrophs after castration trophs in the control specimen, and the large vesicles occured only in the frequence creased progressively, as the days after castration advanced (Table 1) ; 2-8 days a few grains (Fig. 7-10 ). Very rarely are dense granules like the small secretory granules of Type 1 gonadotroph seen in the pits or shallow depressions on the surface of these typical gonadotrophic cells (Fig. 11, 12 ). In Figure 13 , two pits of different nature are observed, one is large and the other is small. The large pit contains granular substance of low electron density. The size of this large pit is about 400nm and corresponds to the size of large secretory granules of the Type 1 gonadotroph.
The small pit is coated and looks like the pits found in abundance on the surface of castrated pituitary gonadotroph Type 1.
Another type of gonadotroph, which was named Type 2 by KUROSUMI (1974) , was rather few in number and small in size. Therefore, it is slightly difficult to find the Type 2 gonadotrophs, especially after castration.
The characteristic of this type of cell is a great number of small secretory granules, but no large granules. According to TOUGARD et al. (1980) Exocytosis of secretory granules is very frequently observed in the Type 2 gonadotrophs (Fig. 14) . It is often encountered that the rather thin membranous sheet of cytoplasm of Type 2 gonadotroph covers the neighboring gonadotroph Type 1 (Fig. 14) . In a narrow intercellular space between the Type 1 and Type 2 cells, many externalized secretory granules are observed. All of these granules are liberated from the Type 2 cells, but not from the Type 1 gonadotroph, because the exocytosis is very rare in the Type 1 gonadotrophs as compared with Type 2 gonadotrophs.
DISCUSSION
Exocytosis as a mechanism of secretion release was first observed in the anterior pituitary by FARQUHAR (1961), though it was known in certain exocrine cells (PALADE, 1959) . Two pictures in FARQUHAR's paper illustrated the exocytosis, one was a growth hormone-secretings cell, while the other was suggested to be a gonadotrophic basophil. However, her illustration howedremarkably haloed granules, which might be doubted as a corticotroph that was later demonstrated by KUROSUMI and KOBAYASHI (1966) with a finding of exocytosis in this cell type. The exocytotic discharge of secretory granules from the prolactin-secreting cell was first described by SANO (1962) and later reconfirmed bymany authors (SMITH and FARQUHAR, 1966; SHIINO et al., 1972b) .
The stimulation with releasing hormone promoted exocytosis in certain anterior pituitary cells. As the first of such stimulation experiments, COUCH et al. (1969) performed a study using growth hormone releasing hormone (GHRH) and the result was an increase in the number of extruding granules from the somatotrophs.
Administration of TRH markedly stimulated thyrotrophs and promoted the exocytosis Fig. 7-14 .
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remarkably; not only simple exocytosis but also multiple granule extrusions were observed (OKINO et al., 1979) .
Many studies on the gonadotrophs either normal or stimulated by surgical castration or administration of LHRH were performed using electron microscopes, but no exocytosis was clearly observed in Type 1 gonadotrophs (PELLETIER et al., 1971; KUROSUMI, 1968; RENNELS et al., 1971; SHIINO and RENNELS, 1973) , though Type 2 gonadotrophs showed ample exocytotic figures of secretory granules (KUROSUMI, 1968; SHIINO et al., 1972a) .
Concomitantly with granule discharge by exocytosis, a small part of the surface plasma membrane of the pituitary cells may be retrieved into the cytoplasm by the mechanism of micropinocytosis (FARQUHAR, 1978; WARCHOL et al., 1978) . Coated and uncoated small vesicles found near the cell surface may be brought about by the mechanism of micropinocytosis for membrane retrieval of secretory cells (FARQUHAR, 1978; WARCHOL et al., 1978) . Cursory inspection of electron micrographs of typical gonadotrophs after castration showed an increase in the number of surface pits and coated vesicles, which was later confirmed by morphometric examination as reported in this paper.
If the stimulated gonadotrophs showed the increase of membrane retrieval, these cells must have released the secretory substance by the mechanism of exocytosis.
Further examination of the changes of incidence of large pits and vesicles demonstrated marked increase of these features, as the time after castration advanced.
The size of large pits and vesicles is comparable to those of secretory granules of Type 1 gonadotrophs.
Most of them are similar in size to the small secretory granules, but a few pits correspond to the large secretory granules in size. Furthermore, some pits contain a more or less dense substance; some are morphologically equal to the secretory granules but some others are remniscent of results of degradation of secretory granules, which may occur just before the vesicles open to the exterior of the cell. The reason why the exocytosis had never been recognized in the Type 1 gonadotroph may be that the secretory granules are partially liquefied and become clear vesicles just before exocytosis takes place. Therefore, the interiors of pits and depressions are usually seen clear and empty, but in very rare cases, the granular content is preserved as dense or moderately dense substance in the pits Fig. 7 . Two large pits (arrows) on the surface of an 8th day castration cell. The lower pit contains a few less dense grains, and a small additional pit is attached at the upper side of the and depressions on the surface of the Type 1 gonadotrophs, especially after stimulation by castration. The large pits are also frequently surrounded by a bristle-like coating like most small pits and vesicles. This fact was noticed by OKINO et al. (1979) in the thyrotrophs and by ISHIMAXU et al. (1980) in the somatotrophs and LH cells (Type 2 gonadotrophs).
The latter authors stated that the coating on the external surface of granule membrane might occur as the granule opened to the external surface of the cell. Such a coated part of the membrane corressponds to the part where membrane particles come together as the method of freeze fracture clearly indicates. In this part of the granule membrane, micropinocytosis is believed to initiate (ISHIMURA et al., 1980) , because the surface-coat may be correlated to the membrane movement (KANASEKI and KADOTA, 1969) . The present finding that a small pit suggestive of micropinocytosis is continuous to the bottom of a large exocytotic pit (Fig. 7) supports the idea of ISHIMURA et al. (1980) .
The above mentioned findings indicate that the typical gonadotrophs (Type 1 gonadotrophs) also exert the granule discharge by the mechanism of exocytosis and concomitant retrieval of excess plasma membrane of the cell surface by the micropinocytosis. Freeze-fracture images of exocytosis and endocytosis in anterior pituitary cells of rabbits and mice. Cell Tiss. Res. 206: 233-241 (1980) . vesicle isolated from the nerve endings of the guinea pig brain, with special reference to the mechanism of membrane movements. J. Cell Biol. 42: 202-220 (1969) . Kurosumi, K.: Functional classification of cell types of the anterior pituitary gland accomplished by electron microscopy. Arch. histol. jap. 29: 329-362 (1968) .
